, - The present study was undertaken in an attempt to elucidate features of tooth eruption and function in a human population consuming a diet of as natural a texture as possible. In view of the unlikelihood of finding an ideal group, and the impracticability of the required (lifetime) duration of a proper longitudinal study, it is more realistic to utilize the skeletal remains of a group of subjects with relatively uniform age distribution through adult life. Such a population ( Figure 1) should have consumed a diet of natural texture and should exhibit minimal periodontal pathology. These conditions were fulfilled by two collections of ancient Anglo-Saxon skeletal remains housed in the Odontological Museum of the Royal Society of Medicine, in the Royal College of Surgeons of England. The work reported here is based on studies of the larger of the two collections, that from Breedon-on-the-Hill in Leicestershire (Kenyon 1950) ,dating from about AD 800. According to Blair (1956) , Anglo-Saxon diet of that period included meat from the chase and domesticated animals, fish, dried or salted in winter, nuts and fruits from forests or cultivation, and bread from mainly barley or rye coarse meal ground in stone querns. .
Materials and methods
The material comprised approximately 190 skulls or skull fragments, described in detail by Miles (1962 Miles ( , 1969 . He was able by assessment of rates of attrition to assign an age, accurate to within one year up to the middle thirties, to 157 of these specimens. Of these, 105 were sufficiently intact for measurement by metric calipers or from radiographs. No attempt was made to separate the measurements for male and female, as only 28 of the specimens could be grouped in this way and, in any case, many skulls were fragmentary and sexing of mandibles alone is subject to error (Moore et al. 1968 ). Measurements were made in the 3 to 8 region of the mandible because of the opportunity this afforded to use the upper border of the inferior dental canal as a fixed reference line (Darling & Levers 1975) . The parameters recorded are listed in Table I . All parameters were measured from radiographs; AC-CEl, Ae--OS and CEl-OS were also recorded with metric calipers. Radiographs were true lateral images recorded on Kodak Industrex film with a ten second exposure at IS rnA and 40 kV. The film-tube distance was about 30 em. Films were developed in DX80 developer (l : 4 dilution) for 3 minutes.
Results

OS-AC remained constant through life (Figures 2-5)
. Mean OS-AC for 3, 6, ' 7 and 8 are listed in Table 2 . Increasing attrition resulted in a gradual decrease in OS-CEl, with a concomitant increase in AC-CEl. IDC-OS and IDC-AC remained constant (Figure 3) , while there was a slight increase in IDC-LM. IDC-AP increased, and there was also a slight increase in AP-CEl, which did not compensate for reduction in AP-AC. Loss of enamel by attrition in older subjects resulted in an increased rate of wear ( Figure 6 ), pulp exposure supervening sometimes over secondary dentine formation. There were minimal bone changes typical of osseous patterns in chronic inflammatory periodontal disease (Manson 1976 ). The commonest defect was marginal lipping, with an occasional walled defect. Pulp exposure had, as a common sequel, apical abscess formation ( Figure 7) . Osseous defects, where present, usually resulted from oral exposure of root bifurcations with consequent stagnation, and sometimes root caries. Fenestrations and dehiscences were also common, without further pathologic extensions. Increasing attrition resulted in the production of an occlusal table, occlusal surfaces Figure 8 ). Contact areas were large, and the embrasures short, broad and more cleansible than in modern, minimally-worn dentitions. Many teeth had deposits of supragingival calculus with an apical border usually about 2 mm coronal to the alveolar crest ( Figure 9 ).
Various comparisons were made between parameters at ages 20 and 50. Calculated rate of change of IDC-OS (Table 3) showed this parameter to be constant when subjects aged 50 + were excluded, due to excessive rate of wear after attrition in the latter had passed the CEJ ( Figure 6 ). IDC-AC also remained constant through life (Table 4) .
Comparison revealed a close correlation between rate of wear (OS-CEJ) and rate of eruption (IDC-CEJ) ( Table 5 ). While IDC-AP increased (Table 6) , there was evidence of slight cementum deposition through life at the root apex. This did not compensate for loss of root length enclosed in bone, since AP-AC decreased through life, curiously by an amount similar to that by which AP-CEJ increased (Table 7 ). 
Discussion
Attrition in health and disease Many workers have observed that attrition is a feature of mammalian dentitions essential to physiologic occlusion and mastication (Colyer 1931 , Klatsky & Klatell 1943 , Taylor 1962 , Berry & Poole 1974 , Newman 1974 , Mills 1976 . Every & Kuhne (1971) and Mills (1976) distinguish between wear caused by eating and that due to nonmasticatory tooth-grinding (thegosis). It is also necessary to distinguish between physiologic and harmful wear (Hirschfeld 1923 (Hirschfeld , 1926 . Abrasion merely wears tooth substance and does not per se indicate periodontal health. Many populations consume soft foods containing abrasive matter, and exhibit both marked attrition and advanced periodontal disease (Newman 1974) . Tooth wear can be produced by contact between contiguous or opposing tooth surfaces, or by mastication of food contairiing grit or similar abrasive matter. Secondary dentine provides the compensatory mechanism for tooth wear in man. Its production is related to degree of attrition rather than the age of the subject (Darling & Mendis 1975) .
Comparison of various groups consuming foods requiring prolonged and vigorous chewing reveals considerable variation in patterns of attrition and tooth eruption. Extreme vigour of mastication, as in Maoris chewing fern root, can result in extensive wear, and often pulp exposure or dislocation of teeth (Taylor 1962 (Taylor , 1963 . Excessive attrition may result in a decrease in lower face height due to insufficient compensatory tooth eruption (Murphy 1959) . The balanced, physiologic state seems to result when occlusal plane and alveolar bone crest remain at the same levels through life, as in the Anglo-Saxon population of the present study, and when both interalveolar distance (Begg 1954) and centric face height (Herzberg & Holic 1943) remain unaffected by increasing attrition. At the other extreme, in dentitions masticating soft foods and showing little evidence of tooth wear, there is an increase in lower face height, attributed by Tallgren (1957) and Ainamo (1972) to alveolar bone growth. Even in such groups it is common to find clinically obvious cementum exposed in the mouth in patients over 40 years of age (Williams 1949 , Barker 1975 . It would seem incorrect to regard this as gingival recession (Cran 1957) , on the basis of measurements of tooth position relative to the inferior dental canal, as in the present study'. One modifying factor regarding alveolar bone growth needs to be considered. Although in groups showing physiologic tooth wear alveolar crest levels appear to remain constant, it is possible that a differential bone growth occurs in this region resulting in shallowing of the sockets (Murphy 1959) .
The features of tooth wear described are also significant in relation to the low incidence and severity of periodontal disease in this Anglo-Saxon and similar human populations. Vigorous mastication results in less dental plaque being found on worn than intact teeth and in a decreasing rate of periodontal breakdown (Ainamo 1972) . In mammals (including man) consuming diet of natural texture, plaque is either absent or much reduced in amount in .occlusal fissures and at the sub-contact area site of onset of both approximal caries and chronic inflammatory periodontal disease. Plaque on such physiologically worn teeth is located in relatively nonstagnant sites in shallower embrasures more accessible to natural cleansing (Newman 1974) .There is also less subgingival and more supragingival calculus in children with marked attrition (Parfitt 1959) ; calculus is usually entirely supragingival in populations masticating natural diet (Picton 1957) . In contrast, the deep, narrow embrasures of 'civilized' dentitions are not conducive to efficient oral hygiene. Similarly, plaque and calculus are more abundant and gingivitis more advanced in nonfunctional than in functional regions of the dentition (Alexander 1970) .
Tooth eruption in adult life
Eruptive phenomena vary in different animals. Continuously growing teeth occur in species showing rapid occlusal wear, for example, rabbits and guinea pigs. Teeth showing continuous eruption without continuous growth occur in animals displaying a moderate rate of attrition, for example, sheep and cattle (Ainamo 1969 (Ainamo , 1970 . Eruption of the teeth with their investing tissues occurs in humans consuming soft diet and showing little dental attrition (Ainamo & Talari 1976) . Similarly, single teeth ground out of occlusion in animals (Anneroth & Ericsson 1967) and in man (Everett & Baer 1964 , Emslie 1976 ) erupt further, to the level of the occlusal plane, not by continuous eruption of the Anglo-Saxon type, but by coronal growth of the periodontal tissues. Extreme attrition may also lead to alveolar growth although, even in similar groups (primitive Eskimos), results are conflicting (Baarregaard 1949 , Williams 1949 . Ainamo & Loe (1966) found that the distance between the cemento-enamel junction and the mucogingivalline increased with age in non-worn dentitions. This increase is at least as likely to represent continuing tooth eruption as alveolar growth. Eruption is almost certainly independent of attrition since it has been shown to occur in the absence of the latter (Thompson & Kendrick 1964 , Ainamo & Talari 1976 .
The notion of continuous human tooth eruption has had its advocates (e.g. Sicher 1949 , Begg 1954 , Sarnas 1957 , Murphy 1959 ) and opponents (e.g. Williams 1949 , Cran 1957 , Tallgren 1957 ), but few workers appear to have supported their opinions by detailed measurement (Begg 1954 , Murphy 1959 . Perhaps the most informative investigation is that of Murphy (1959) , who studied Australian aboriginal dentitions showing moderate and advanced attrition. He found that, in the former, combined upper and lower crown heights exceeded the interalveolar height, while in the latter they were less. He concluded from his measurements, which were means for each group, that loss of crown height by attrition was compensated for by eruption, alveolar bone deposition with socket shallowing, and root lengthening. He reasoned that loss in lower face height in this aboriginal population was due to excessive attrition, while in modern man attrition was insufficient. Other metrical studies appear to have concentrated mainly on parameters between the occlusal surface and the alveolar crest and confirm the constancy of OS-AC in the Breedon group (Philippas 1952 -ancient Greeks; Picton 1957 -6th century Jutes; Brothwell & Carr 1962 Etruscans) .
Level ofsoft tissue attachment
The results indicate that in ancient Anglo-Saxons occlusal plane and alveolar crest remained at the same respective vertical levels through life. In the absence of alveolar destruction typical of chronic inflammatory periodontal disease, it is therefore evident that the apical limit of the soft tissue attachment cannot have migrated between bone and tooth, but must through continuing eruption have come to lie on the root surface. The exposure of cementum in the oral cavity can be construed as representing either gingival recession or tooth eruption. It was only by assessment of changes relative to the inferior dental canal that the exposure of cementum in this population was shown to have been physiologic and due to tooth eruption in adult life. The coronal limit of the epithelial attachment is unlikely to have migrated coronally in view of the level of supragingival calculus which was present on many teeth. (Supragingival calculus is common in populations of this kind and has, when abundant, been associated with a febrile terminal illness (Miles 1962) , which would also account for the relatively uniform distribution of subjects with regard to age.)
Opinions vary as to whether apical migration of human epithelial attachment is invariably pathologic (Manson 1963) or physiologic (Orban & Mueller 1929) . It has been claimed that the attachment is found normally on cementum after the age of twenty (Gargiulo et al. 1961) , and that its downgrowth is due to the process of continued tooth eruption in compensation for attrition or due to progressive periodontal disease (Rushton 1951) . (In this context continued tooth eruption is to be distinguished from continuous active eruption during the period when growth at the root apex is taking place.) Rushton (1952) also suggested that downgrowth was accelerated in old age due to a fall in the ratio of gonadal to adrenal glucocorticoid hormones, and observed (in rats) an inverse relationship between the rate of epithelial downgrowth and the capacity to produce collagenous matrix. Sicher (1949) stated that there was a correlation between the rate of down growth in man and the rate of cementum apposition at the root apex, and of bone at the alveolar fundus and crest, downward growth being equivalent to approximately three-quarters of the extent of continued eruption. Barker (1975) concluded from an examination of dried aboriginal skulls that exposure of cementum with advancing age was normal.
There is also controversy as to the level of the free gingival margin in relation to the passively erupting tooth. Williams (1949) found in Eskimos that AC-CEJ was constant, and that the CEJ remained covered by free gingiva even in instances of extreme attrition. He concluded that there was no evidence for continued eruption or apical migration in this group. Baarregaard (1949) concluded the opposite from his study of Greenland Eskimos. He observed that continued wear and tooth eruption resulted in those subjects with extreme attrition having only root tips in alveolar bone. Manson (1963) queried why cementum, of all mesodermal tissues, should be the only one exposed to the external environment, and stated that it was reasonable to assume that the CEJ represented in health the permanent coronal level of gingival attachment. Yet many mammals have cementum on their orally-exposed tooth surfaces.
Conclusion
In summary, this early Anglo-Saxon population shows continued tooth eruption through adult life compensating for reduction in the level of the occlusal plane due to attrition. No significant change occurred in clinical crown height, or in the alveolar crest in relation to the inferior dental canal. There was a slight deposition of bone below the canal, probably at the lower border of the mandible. Rates of eruption and attrition were similar. There was a gradual diminution through life of the length of root enclosed in bone. In elderly subjects in this population (aged 50 +), wear often resulted in removal of enamel to the level of the cementoenamel junction, followed by an accelerated attrition rate, and pulp exposure supervening occasionally over compensatory secondary dentine formation. Constancy of alveolar crest level coupled with continuous eruption results in the physiological shift of the epithelial attachment on to cementum. It seems unlikely that an apical migration as such takes place. It is probably more correct to regard the tooth as moving coronally past a vertically-stable soft tissue attachment. The slow rate of progression of chronic inflammatory periodontal disease in most modern patients suggests that apical migration of attachment as seen today may represent an adaptation of this phenomenon. Migration is clearly not spontaneous in such instances. Even when attached gingiva lies, as in the presence of a dehiscence, directly over the root surface, plaque, faulty toothbrushing or surgical insult are required for the initiation and progression of 'recession', Attachment migration can be halted even in the presence of established early (Waite 1976) or advanced (Ramfjord 1977) periodontitis by efficient plaque control.
The physiologic system evident in the Anglo-Saxon population of this study may not be unique. It is possible that communities showing rapid attrition have a further compensatory mechanism to help maintain the level of the occlusal plane without producing excessive stress on the dento-alveolar system, namely, alveolar bone growth. There is abundant evidence that stress of this kind can stimulate rapid bone production (see Goodship 1976) .
